With greater understanding of the pathophysiological mechanisms by which carotid artery-cavernous sinus fistulas occur, and with improved endovascular devices, more appropriate and definitive treatments are being performed. The authors define cartoid cavernous fistulas based on an accepted classification system and the signs and symptoms related to these fistulas are described. Angiographic evaluation of the risk the lesion may pose for precipitating stroke or visual loss in the patient is discussed. The literature on treatment alternatives for the different types of fistulas including transvenous, transarterial, and conservative management is reviewed.
The onset of indirect CCF is usually spontaneous. Postmenopausal women in the sixth and seventh decade of life are more commonly affected than men. [21, 57] Rarely indirect CCF can be caused by traumatic injury to an intracavernous ICA branch or injury to a dural arterial feeding vessel. [31, 51] 
SIGNS AND SYMPTOMS
Patients with both direct and indirect CCFs present similarly, but their symptoms may vary in severity; those with the indirect type often have less severe symptoms because of the lower blood flow. The clinical syndrome relates to the pattern of venous drainage. [1, 37, 40, 52, 58] The patients present with headaches (orbital or retroorbital), ophthalmoplegia (usually unilateral but also bilateral), bruit, exophthalmos, chemosis, and decreased vision. Diplopia usually results from dysfunction of the abducent nerve that courses free within the cavernous sinus; the oculomotor and trochlear nerves that course within the cavernous sinus wall may also be affected. Bruits are present in most cases of direct CCFs and in approximately half the number of patients with the indirect type. [32] The bruits may not be audible by auscultation in the indirect type of CCF, but the patient may report its presence, which is often heard at night. The exophthalmos results from venous congestion of the orbit. Redness of the eye vessels results from the arterialization and dilation of the veins in the conjunctiva and sclera. Chemosis results from the increased venous pressures. Loss of vision is a risk secondary to ischemia and, if left untreated, may become irreversible. [17, 54] Ischemia to the eye results from a low mean ophthalmic arterial pressure coupled with elevated venous pressures.
NEUROIMAGING EVALUATION
Performing angiography in patients with a CCF is complex but important in determining the risk the lesion may pose for causing stroke and in selecting the appropriate treatment. [47] In evaluating direct CCFs, determining the site of the defect in the carotid artery can be difficult. The fistula flow may be so high, causing steal phenomena from the intracranial circulation, that it prevents the opacification of the ICA distal to the defect. Obscuration of the ICA by rapid filling of the cavernous sinus veins after the injected contrast material may also occur. Some of these problems can be overcome by rapid image acquisition, allowing for visualization of the ICA within the cavernous sinus prior to obscuration by the veins. Another technique used when visualization of the fistula and parent artery is difficult is to perform vertebral artery angiography. If a steal phenomenon exists, the vertebral artery angiogram can reveal, via the posterior communicating artery, retrograde filling of the ICA distal to the fistula. If filling of the ICA is not demonstrated, fistula visualization can be accomplished by a vertebral artery injection and compression of the ipsilateral common carotid artery. Determination of the site and extent of the lesion can predict whether the patency of the parent artery can be preserved. Preservation of patency is less likely with complete transection of the ICA, whereas a small hole in the ICA can be repaired while preserving patency.
Evaluation of the venous drainage is critical because the venous drainage determines the clinical manifestations encountered and the risk of the lesion causing stroke in the patient. Cortical venous drainage of the fistula is clearly the biggest risk factor for stroke and hemorrhage. [1, 14, 29, 37, 40, 52, 58] Brainstem edema secondary to venous drainage to the posterior fossa from a direct CCF has been described. [56] Angiography will help determine the most appropriate treatment. The extent of collateral flow, including the anterior and posterior communicating arteries, is crucial prior to the delivery of any embolic agents that may lead to ICA occlusion, whether planned or inadvertent. Complete angiographic evaluation can help predict the patient's tolerance to vessel occlusion. It is important to know whether the contralateral carotid artery may be diseased.
Evaluation prior to permanent carotid artery occlusion is complicated, and there is no consensus on its necessity. There are several tests used to determine patient tolerance to permanent occlusion, including temporary balloon occlusion with pressure measurements and quantitative or qualitative cerebral blood flow measurements. [11, 13, 43, 44] These tests have a limited role in the evaluation of direct CCFs. The fistula, and its associated steal phenomena, may act as a test occlusion in itself.
TREATMENT INDICATIONS
The natural history of CCFs must be considered when deciding their treatment. The reported incidence of spontaneous closure of indirect CCFs varies from 40 to 90%, depending on how long patients are followed and treated conservatively. [47, 49] Considering the high rate of spontaneous resolution, it is not unreasonable to follow these patients and treat them conservatively as long as their visual acuity remains stable and their intraocular pressures remain below 25 mm Hg. [57, 60] In a study by Halbach and colleagues [18] indications for urgent treatment of CCFs were clearly defined. In their review of 155 patients with direct and indirect CCFs, poor clinical outcomes were related to epistaxis and cortical venous drainage. Clinical factors that indicated a worse prognosis included elevated intracranial pressure, progressive proptosis, diminishing visual acuity, and transient ischemic attacks. In patients with only mild local symptoms without factors portending a worse prognosis, conservative management is suggested.
TREATMENT OF DIRECT CAROTID ARTERY-CAVERNOUS SINUS FISTULAS

Transarterial Approach
Most direct CCFs can be treated by a percutaneous transarterial route. A transfemoral approach to the ICA with a guide catheter is most commonly performed. Other innovative approaches to these lesions via the vertebral artery have been described. [8] After the guide catheter has been positioned, a microcatheter is navigated through it up to the level of the fistula. Through or on this microcatheter embolic agents, such as platinum coils (Fig. 1 ), detachable balloons (Fig. 2) , or some combination, are delivered through the hole in the cavernous ICA into the cavernous sinus. [6, 16, 19, 33, 48, 61] Once in the cavernous sinus, the embolic agent is released, closing the fistula with preservation of flow through the ICA. These embolic agents function by achieving varying degrees of mechanical obstruction, thus slowing of blood flow and promoting thrombosis. anteroposterior projection, best shows the drainage by the superior and inferior petrosal sinus bilaterally (large arrows and small arrows, respectively). C: Left ICA, lateral projection, selective angiogram of the fistula through microcatheter (small arrows), revealing drainage via the SOV and inferior ophthalmic vein and inferior petrosal sinus without any significant cortical drainage. Following transarterial embolization of the fistula using two Guglielmi detachable platinum coils, there was no further significant filling of the fistula. D: Left ICA angiogram, lateral projection, revealing fistula closure with coil complex (arrow) in cavernous sinus following embolization. E: Left ICA angiogram, anteroposterior projection, revealing the coil complex (solid arrow) and a small pseudaneurysm (curved arrow), although there is no significant flow through the fistula. F: Left internal carotid angiogram, lateral projection, 4 months after the original embolization procedure revealing a small pseudaneurysm (arrow), with mild coil compaction. The fistula remains closed, and this patient has remained asymptomatic for 3 years. with no filling of the cavernous sinus. Two days later the patient developed recurrent pulsatile tinnitus. G: A plain radiograph of the head, lateral projection, revealing that the balloon had become partially deflated and shifted posteriorly relative to the sella turcica. H: Right ICA angiogram, lateral projection, showing the fistula open, although now it does not have cortical drainage to the posterior fossa. After conservative compressive management was tried for 6 weeks because no high-risk venous drainage remained, transarterial embolization was performed using another detachable balloon. I: Right ICA angiogram, lateral projection, showing the fistula has closed. Two balloons can be identified in the cavernous sinus (arrows). The patient tolerated the procedure well and on follow up has had no recurrence of symptoms.
In three large series that reported results in the treatment of direct CCFs by a transarterial route, successful closure of the fistulas while maintaining patency of the ICA was possible in 59 to 88% of patients. [6, 27, 33] In most of the patients in whom this was not possible, the fistula was closed by occluding the ICA. Complications are normally not serious and usually require no treatment. A frequent complication includes oculomotor palsies. This is postulated to occur secondary to stretching of the cavernous sinus walls by the embolic agent, particularly if a balloon is used, or by thrombosis after closure of the fistula. These palsies most often resolve spontaneously after a period of weeks to months. In up to 44% of cases there will be false aneurysms from residual filling of an enlarged cavernous sinus, which frequently will become smaller with time and are usually of no clinical significance. [6] The risk of stroke from an embolic agent is small, with a reported incidence of 2 to 4%. [6, 27, 33] This low incidence is attributed to the natural flow of aberrant embolic materials or clot into the fistula and veins rather than their migration into the arterial system.
There have been several reports of direct CCFs associated with persistent trigeminal arteries. [6, 9, 15] The persistent trigeminal artery is the most common carotid-basilar communication, with an incidence of 0.1 to 0.6% in patients undergoing cerebral angiography. This common abnormality is associated with a variety of cerebrovascular anomalies including aneurysms. Recognition of this anomaly as the source for arterial supply to the fistula may allow for fistula closure with preservation of both the basilar and carotid arteries. [9, 34] 
Transvenous Approach
When the preferred transarterial approach is not possible or has failed, a femoral transvenous approach to the direct CCF is performed. Cases in which this may be necessary include proximal occlusion of the ICA caused by noncurative, prior trapping procedures or occlusion secondary to trauma. The access to the cavernous sinus via a transvenous route has been made possible by the development of navigable microcatheter systems. The embolic agents most commonly used are platinum coils delivered through a microcatheter. Septations within the venous channels make introduction of detachable balloon systems difficult. Halbach and colleagues [23] reported on the treatment of 165 direct CCFs in which they used transvenous embolization in 14 of the cases (8%). In 11 of the 14 patients who underwent a transvenous approach, a cure was achieved, and in one patient there was improvement in symptoms. Complications occurred in two of the patients, one because of perforation of the inferior petrosal sinus and the other because of diversion of blood flow from the cavernous sinus to cortical veins. In one of these cases, a fatal hemorrhage occurred in a patient with Ehlers-Danlos syndrome, with its associated friable blood vessels.
TREATMENT OF INDIRECT CAROTID ARTERY-CAVERNOUS SINUS FISTULAS
Transarterial Approach
The transarterial treatment of indirect CCFs has undergone tremendous evolution. [4, 30, 39, 53] Early reports on the treatment of these lesions began with unselective catheterization of the ECA and embolization with particles or coils. This technique has been abandoned because of a high recurrence rate. Currently, superselective catheterization of small branches supplying the fistula is used when transarterial embolization is performed. Superselective catheterization of the vessels supplying the fistula allows for determination of dangerous collateral vessels between the ECA and the ICA and vertebral artery. Optimum arterial embolization includes occlusion of the vessels as close to the fistula as possible, ideally within the fistula itself. Occlusion of vessels that supply the fistula proximally results inevitably in recurrence of the fistula and often makes its treatment more difficult.
By using superselective catheterization techniques, good results have been reported with transarterial embolization in the treatment of indirect CCFs. In one of the largest series, Halbach and colleagues [21] reported their experiences in treating 22 patients by using transarterial embolization techniques. Complete cure was achieved in 77% of the patients, and 18% achieved improvement in their symptoms. Viñuela and coworkers [57] reported on 10 patients with indirect CCFs who were treated with transarterial embolization; nine were completely cured. Debrun, et al., [6, 10] described their results in treating these fistulas, and treatment outcome was related to the type of vascular supply. Type C fistulas were almost always cured by a transarterial route, whereas Type D fistulas were cured only in 50% of cases by this route. The difference related to the degree of difficulty in catheterizing the small branches of the cavernous ICA. With the development of new microcatheter systems, even the small branches of the cavernous ICA can be catheterized. Halbach and colleagues [22] reported in 1989 the use of these techniques in difficult type D fistulas. In the four patients with these complicated fistulas, which were supplied by the ECA and small branches of the cavernous ICA, all were cured with transarterial embolization.
Complications related to the transarterial route can include embolization of normal vessels or unrecognized collaterals to the internal carotid or vertebral arteries. Care is taken to avoid these complications by performing lidocaine Wada tests and careful angiographic evaluation before and during embolizations; however, these complications can occur as reported in the previously mentioned large series. [21, 57] Angle-closure glaucoma can occur, secondary to acute thrombosis of the superior ophthalmic vein (SOV) after closure of the fistula. [12] 
Transvenous Approach
The preferred method in treating indirect CCFs is via transvenous approach. These lesions are often treated by a combined transarterial and transvenous approach (Fig. 3) . Multiple arterial feeding vessels that supply these fistulas make complete transarterial occlusions difficult. The remaining arterial supply tends to enlarge, and the fistula reopens to its original size. In 1974 Mullan [46] proposed transvenous embolization of direct CCFs based both on his and Parkinson's [51] work. In 1987 Courtheoux, et al., [5] first reported the treatment of the indirect CCFs by the SOV, which is surgically exposed. After exposure, they inserted a catheter directly into the vein to deliver coils and the sclerosing agent tetrasulfate. These investigators achieved a complete closure of the fistula. In 1988 Teng, et al., [56] described five patients with these fistulas successfully treatmented by a direct percutaneous puncture of the SOV and embolization using gelfoam, liquid adhesives, and coils. In 1995, Miller, et al., [42] described their experience in treating 12 CCFs (two direct, 10 indirect) using a SOV approach. All of these patients had unsuccessful treatments previously or had mechanical reasons necessitating this approach. All 12 patients had complete resolution of their signs and symptoms. Interestingly, detachable balloons were used in 11 of the patients and multiple thrombogenic coils in one patient. There were no intraoperative complications. Following balloon embolization, one patient required embolization of a persistent posterior portion of the fistula via an ipsilateral inferior petrosal sinus approach. One patient developed a complete persistent abducens nerve palsy, eventually requiring strabismus surgery (Fig. 4) . Using the SOV as a conduit for embolization can be difficult because of narrowing of the vessel as it passes through the superior orbital fissure. [25] Complications from this approach include rupture of the vein, which causes retroorbital hemorrhage. Authors of a recent report describe a complicated SOV approach that resulted in severe vision loss. [16] Thrombosis of the SOV can also lead to drainage of the fistula through cortical veins and therefore the risk of intracranial hemorrhage. [18, 26, 41, 57] This normally can be avoided by complete closure of the fistula via another route such as the inferior petrosal sinus. Thrombosis of the vein can also lead to angle-closure glaucoma, which may need to be treated by cycloplegic agents, iridectomy, or lateral canthotomy. [12] angiogram (midarterial phase), lateral projection, showing venous drainage of the cavernous sinus (curved arrow) including the SOV (white arrow) and inferior opthalmic vein (solid arrow) with no petrosal sinus drainage. C: Left ECA angiogram, lateral projection, showing filling of the cavernous sinus from the middle meningeal (white arrow) and internal maxillary artery branches (small arrows). A transvenous catheterization through the ipsilateral inferior petrosal sinus was performed. Selective angiography revealed the posterior compartment to be isolated from the fistulous compartment precluding its use for embolization. Transarterial embolization was performed in the left middle meningeal, left internal maxillary artery, left sphenopalantine, and two branches of the right ascending pharyngeal artery using variable combinations of 50% glucose, 355 to 500-micron polyvinyl alcohol particles, and platinum coils. D: Left ECA angiogram, lateral projection, revealing marked diminution of flow to fistula following embolization of the internal maxillary artery and middle meningeal artery. The retrograde branch of the ophthalmic artery was then catheterized and embolized to stasis using 50% glucose and platinum coils. E: Superselective angiogram of distal ophthalmic artery, lateral projection, prior to embolization showing microcatheter tip at the ophthalmic artery branch point (arrow). Follow-up angiogram revealed complete stasis of flow from the embolized branches with minimal filling of the fistula from bilateral branches of the meningohypophyseal branches. The patient remained neurologically unchanged; the remainder of the fistulous filling was managed conservatively with alternate carotid compression. However, the patient continued to have left eye symptoms and 6 months later underwent repeated angiography, which revealed reconstitution of flow to the fistula. Repeated transarterial embolization of the major feeding vessels was performed. A few days later the patient underwent surgical exposure of the SOV and microcatheter approach to the fistula, which was treated using Guglielmi detachable platinum coils to complete occlusion. F: Intraoperative selective angiogram of the left cavernous sinus, lateral projection, showing the microcatheter (white arrow) as it traverses through the SOV with the tip of the catheter in the cavernous sinus. Note stasis of contrast material within the cavernous sinus indicating closure of the fistula.
Halbach and colleagues [24] reported on the largest series of patients with indirect CCFs treated via a transvenous route. The inferior petrosal sinus is now the preferred route in the treatment of these lesions. The authors treated 13 patients in this manner; 12 patients were cured and one patient improved. This approach is simpler and has fewer risks than via the SOV. There is the risk of rupturing the inferior petrosal sinus or a vessel draining into it, causing a subarachnoid hemorrhage, although this seems to be an infrequent complication.
COMPRESSION THERAPY
Conservative management of CCFs that do not require urgent treatment can be used before endovascular or surgical options are explored. For indirect CCFs that are draining via the SOV, the patient can apply pressure medially over the eye inferior to the supraorbital ridge intermittently for several minutes. This technique can lead to stasis and closure of the fistula. Higashida, et al., [28] described a technique of compressing the carotid artery and jugular vein in patients with both direct and indirect CCFs. The group treated using this technique included 71 patients and closure of the fistula occurred in seven of 23 patients with indirect fistulas and eight of 48 patients with direct fistulas. Closure of the fistula occurred within a matter of minutes to 6 months. At 1-year follow up none of the fistulas had reopened. The authors' experiences with this technique have seldom produced any benefit. Whether the compression therapy or the natural history of this lesion produces the closure is not known. [49] CONCLUSIONS The patient's signs and symptoms and risk of hemorrhage are related to the venous drainage pattern of the direct or indirect CCF. If drainage is predominantly via the SOV clinical manifestations can include proptosis, chemosis, and arterialization of scleral veins. If the drainage includes cortical venous drainage, the risk for hemorrhage is much higher. If the fistula is not causing progressive loss of vision or does not have cortical drainage, it may be managed conservatively. The endovascular treatment of direct CCFs is usually by transarterial embolization using detachable balloons or platinum coils. If closure of the fistula is not possible via a transarterial route, then transvenous embolization can be performed via the inferior petrosal sinus. For the treatment of indirect CCFs, the transvenous route is, by way of the inferior petrosal sinus or SOV, preferable, using platinum coils as an embolic agent. Transarterial embolization can be used for treatment of these fistulas, although a durable closure requires all of the arterial feeding vessels to be embolized and preferably near or within the fistula.
